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1. Introduction 
N-Acetylmuramyl-L-alanine amidases hydrolyze in 
the bacterial cell wall peptidoglycan the N-acetylmu- 
ramyl-Lalanine amide bond linking the glycan and pep- 
tide moieties of this heteropolymer. In some cases, 
these amidases are produced as extracellular enzymes 
which can be purified and used as valuable analytical 
tools for the specific degradation of cell wall peptido- 
glycans of other bacteria [l-4] . They have also been 
characterized as autolysins capable of digesting the 
cell walls to which they are more or less fmed [5-lo] , 
Aside from their probable fortuitous function as auto- 
lysins, little is known about their true physiological 
role. In the case of Bacillus subtilis 168, the amidase 
which is the major autolysin [5], is futed to the cell 
wall teichoic acid [ 1 l] and is perhaps omeway in- 
volved with transformation competence [ 12, 131. 
Escherichia coli contains at least five different en- 
zymes which can degrade specifically the cell walI 
peptidoglycan i to smaller fragments [ 141. How- 
ever, only two of them, carboxypeptidases I and II 
have been studied to some extent [ 151. Pelzer detec- 
ted in E. coli B a high level of amidase activity as- 
sociated with the cell wall [ 161. Schwarz and Weidel 
[ 17, 181 showed that this activity was partly res- 
ponsible for the degradation of the peptidoglycan and 
of its precursors when growing cells of E. coli B are 
treated with penicillin. 
In the present paper, general properties of the N- 
acetylmuramyl-L-alanine amidase activity associated 
with the cell wall fraction of E. coli B are described. 
Our study was greatly facilitated by the use of radio- 
active substrates prepared from precursors of cell 
walI peptidoglycans. 
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2. Materials and methods 
E. cob B was grown in minimum medium M 9 ac- 
cording to Pelzer [ 161. Cells were collected at the 
outset of the exponential phase, washed once with 
cold water, suspended in 0.02 M K Na phosphate buf- 
fer, pH 6.6 (1.5 ml/g wet cells ) and broken by soni- 
cation (Sonicator 150 T.S. Ultrasons, 74 Annemasse, 
France) in the presence of deoxyribonuclease and 
ribonuclease (both crystalline preparations from Koch- 
Light Lab., Colnbrook Bucks, England). The resulting 
suspension was centrifuged for one hour at 43,000 g. 
The pellet was washed three times with the same buf: 
fer containing 10-j M EDTA. The final pellet was 
resuspended in buffer (1 ml/g wet cells) and dialyzed 
overnight against the same buffer without EDTA. 
The dialyzed suspension was stable at least three 
months at -20’ and was used as the enzyme. The 
protein content [ 191 was about 30 mg/ml. A partic- 
ulate membrane fraction sedimenting between 15,000 
g and 100,000 g was also prepared. 
2.1. fieparation of substrates 
The following procedures were used for the pre- 
paration of substraks. (A) gel filtration on Sephadex 
G 25; (B) chromatography on Whatman 3MM filter 
paper in ethanol, 1 M ammonium acetate pH 7 (5:2) 
for 48 hr; (C) same procedure for 96 hr; (D) rheoelec- 
trophoresis on Whatman 3MM filter paper ln 0.1 N 
formic acid for 45 mm at 25 V/cm. 
UDP-N-acetylmuramyl-L-ala?-D-glu accumulates 
in Staphylococcus aureus H when cells are incubated 
in the medium described by Park and Chatterjee [20] 
from which lysine and vancomycin are omitted. The 
compound was isolated from the trichloroacetic acid 
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UDP-N-acetylmuramyl-L-alay-D-glu(L)-meso-DAP 
was prepared according to Izaki et al. [21] from Bacil- 
lus cereus. The compound was purified from the TCA 
extract by procedures A, C and A. 
(TCA) extract by procedure A and purified by chro- solution containing in 1 1 of dioxane, 6 g of PPG 
matography on Dowex AC 1X2 (200-400 mesh) ac- (2,5diphenyloxazole), 300 mg of POPOP (p-bis-Z 
cording to Park and Chatterjee [20]. (5-phenyloxazoyl)-l-benzene) and 100 g of naphthalene. 
With non radioactive substrates the enzymatic reac- 
tion was followed by determining the N-terminal groups 
of alanine liberated according to the method of Ghuysen 
et al. [25]. 
UDP-N-acetylmuramyl-L-ala~-D-glu-(L)-3H-meso- 
DAP was prepared by adding 3 H-meso-DAP to UDP- 
Nacetylmuramyl-L-ala-D-glu according to Ito et al. 
[22] with the meso-DAP adding enzyme isolated 
from Corynebacterium xerosis ATCC 77 11. The com- 
pound was isolated from the reaction mixture by pro- 
cedures A,B and A. 
3. Results 
UDP:N-acetylmuramyl-L-alay-D-glu(L)-meso-DAP- 
l4 C-D-ala-l4 C-D-ala was prepared from UDP-N-acetyl- 
muramyl-L-alay-D-glu(L)-meso-DAP according to 
Izaki et al. [21]. The compound was isolated from 
the reaction mixture by procedures A, C and D. 
The differentN-acetylmuramyl peptides were ob- 
tained from the corresponding UDP derivatives by 
mild acid hydrolysis with 0.05 N HCl for 5 min at 
100”. The compounds were purified by procedure 
D. 
The disaccharide tripeptide /3-1,4-N-acetylgluco- 
saminyl-N-acetylmuramyl-L-alay-D-glu-(L)-meso- 
DAP and the disaccharide t trapeptide @- 1,4-N- 
acetylglucosaminyl-N-acetymuramyl-L-ala~D-glu~L)- 
meso-DAP-(L)-D-ala were isolated from the cell wall 
of E. coli B as previously described [23] . 
When the enzymatic reaction is performed with com- 
pound I, (table 1) only one radioactive peak other than 
the substrate peak could be detected by rheoelectro- 
phoresis. The product isolated in this way contained 
Ala, Glu and DAP in the ratio 1: 1: 1, but no muramic 
acid. The amount of N-terminal groups of L&urine 
liberated by the enzymatic reaction was equivalent to 
that of substrate hydrolyzed, determined by the radioac- 
tivity measurements. Furthermore the product of the 
reaction and the tripeptide L-ala?-D-glu(L)-meso- 
DAP isolated either from Escherichia coli B orBacillus 
megaterium KM [23] had the same chromatographic 
and electrophoretic properties when compared under 
the conditions previously described [23] . 
The composition of the different compounds was 
verified by determining the amino acid (Technicon 
analyser), the phosphorus [24] and the N-acetyl- 
hexosamine [25] contents. 
The amidase activity was located in the 43,000 g 
pellet as found by Pelzer [ 151 and none could be de- 
tected in the supernatant. The time course of the reac- 
tion (fig. 1) is essentially linear for the first 30 min. 
The pH optimum is at about 8.3 (fig. 2) and the tem- 
perature optimum at 30” (fig. 3). The initial velocity 
is proportional to the concentration of enzyme (fig. 4). 
When the initial velocity was plotted against the sub- 
strate concentration (fig. 5), it appeared that the en- 
zymatic reaction was inhibited by excess ubstrate. 
2.2 Enzymatic assay 
A typical assay mixture containing in a total volume 
of 50 d, 12.5 pmoles of tris-HCl buffer, pH 8,30 nM of 
substrate and 50 ~1 of the enzyme preparation, was in- 
cubated 15 min at 30”. 
In the case of radioactive substrates, the reaction 
mixture was spotted on Whatman 3MM filter paper 
and the products of the reaction were separated by 
procedure D. Peaks were detected by scanning the 
paper strips on a 4n Tracerlab scanner. The radioactive 
peaks were cut out and counted in a Packard Tri-Card 
liquid scintillation spectrometer with the solvent system 
of Kaufman et al. [26] : 2 ml of water and 13 ml of a 
Among the other substrates tested (table I), com- 
pound II was as good a substrate as compound I.
Under the conditions used for the enzymatic assay 
and for the determination of the N-terminal groups 
of alanine liberated, no activity could be detected 
either with compound III or IV and only a very low 
level of activity was found with compound V. Several 
compounds (table 2) were tested for a possible inhi- 
bitory effect. The tripeptide L-ala-7-D-glu-(L)-meso- 
DAP inhibits the en&matic reaction to a certain ex- 
tent and this is in agreement with the inhibition by an 
excess of substrate. A much lower extent of inhibi- 
tion was found with meso-DAP. 
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Table 1 
Compounds tested as substrates for the amidase. 
No. Compound Specific activitya 
I MurNAcb-LAla-y-D-Glu-(L)-3H-meso-DAP 16 
II 
III 
IV 
MurNAc-LAla-y-D-Glu-(L)-meso-DAP-44C-D-Ala-14C-D-Ala 
MurNAc-L-Ala-D-Glu 
disacchC-LAlaq-D-Glu-(L)-meso-DAP 
18 
none 
none 
V discch-L-Ala-y-D-Glu-(L)-meso-DAP-(L)-D-Ala low 
a Expressed in nanomoles of substrates hydrolyzed per mg of enzyme protein, per hour under the conditions described in materials 
and methods. 
b MurNAc : N-acetyhnuramic acid 
c Disacch : p-1,4-N-acetylglucosaminyl-N-acetylmuranic c d. 
f 
* 
Fig. 1. Time course of the enzymatic reaction with compound I. 
4 V 
30. 
24 - 
15 - 
12. 
6. 
5 6 7 5 9 PH 
Fig. 2. Effect of pH on the intial velocity of the enzymatic 
reaction with compound I. Buffer trls-maleate, 0.25 M fmal 
concentration. 
TEMPERATURE 
Fig. 3. Effect of temperature on the initial velocity of the en- 
zymatic reaction with compound I. 
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Table 2 
Compounds tested for their possible inhibitory effect on the 
enzymatic reaction. 
Compound (M) Inhibitiona 
meso-DAP ( 10m3) 0 
(1o-2) 22 
N-Acetylmuramic acidb (8 X 104) 0 
(8 x 10-3) 0 
LAla-D-GluC (7 X 10-4) 0 
(7 x 10-3) 0 
L-Alar-D-Glu-(L)-mesoDAPd 18 X 10e4) 19 
(8 X 10-3) 67 
a Expressed as the percentage of decrease in specific activity 
when the enzymatic reaction is performed with N-acetyl- 
muramyl-L-Ala~-D-Glu-(L)-3H-meso-DAP under the con- 
ditions described in materials and methods. 
bPurchased from Mann Research Lab., New York, N.Y., USA. 
’ Prepared from BGC-L-alanyl-D-glutamyl-y-benzyl ester syn- 
thesized in the laboratory by F. Lerique. 
d Prepared as described previously [ 231. 
0.1 0.2 a5 04 0.5 
AMOUNT OF ENZYME (mp of protein) 
Fig. 4. Effect of the enzyme concentration on the initial 
velocity of the reaction compound I. 
When the enzyme preparation was separated into 
a cell wall fraction sedimenting at 15,000 g and a mem- 
brane fraction sedimenting between 15,000 g and 
100,000 g, amidase activity was found in both frac- 
tions. 
A 
I.51 1. 
0.10 , 
mo 400 600 so0 
SUBSTRATE CONCENTRATION nu/iiOpl 
Fig. 5. Effect of the concentration of substrate (compound I) on the initial velocity of the enzymatic reaction. 
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4. Conclusion 
With the use of readily available radioactive sub- 
strates such as compounds I and II, it is now possible 
to examine conveniently other properties of this 
amidase: activity in the membrane fraction, in mutants 
and under different growth conditions. These problems 
are now under investigation and their study may help 
to determine the function of the admidase activity 
during cell growth and division. 
Acknowledgements 
We wish to thank Dr. E. Bricas for his encouraging 
interest in this work. We are also indebted to Mr. B. 
.Flouret for skilful technical assistance..UDP-N-acetyl- 
muramyl-L-ala-7.D-glu-(L)-?H-meso-DAP was prepared 
by one of us (J.v.H.) in Professor J.T. Park’s Labor- 
.atory at Tufts University School of Medicine (Boston, 
,USA). Amino acid analyses were kindly performed by 
Dr.C. Gros and Mrs. B. Charetteur. 
References 
[l] J.M. Ghuysen, J. Bacterial. Rev. 32 (1968) 425. 
[2] J.C. Ensign and R.S. Wolfe, J. Bacterial. 91 (1966) 524. 
[ 31 T. Matsuda, S. Kotani and K. Kato, Biken J. 11 (1968) 
127. 
[4] J.M. Ghuysen, L. Dierickx, J. Coyette, M. Leyh-Bouille, 
M. Guinand and J.N. Cambell, Biochemistry 8 (1969) 
213. 
[5] F.E. Young, J. Biol. Chem. 241(1966) 3462. 
[6] S.L. Kingan and J.C. Ensign, J. Bacterial. 96 (1968) 629. 
[7] D.J. Tipper, J. Bacterial. 97 (1969) 837. 
[8] R. Tine& BuII. Sot. Chehn. Biol. Sl(l969) 283. 
[9] I. Takebe, H.J. Singer, E.M. Wise and J.T. Park, J. 
Bacterial. 102 (1970) 14. 
[lo] W.D. Grant and A.J. Wicken, Biochem. J. 118 (1970) 
859. 
[ 111 W.C. Brown, D.K. Fraser and F.E. Young, Bacterial. Proc. 
(1968) 48. 
[12] A. Alaigg and S.R. Ayad, Biochem. J. 117 (1970) 397. 
[13] C.R. Stewart and J. Marmur, J. Bacterial. 101 (1970) 
449. 
[ 141 H. Pelzer, Z. Naturforsch. 18b (1963) 950. 
[ 151 K. Izaki, and J.L. Strominger, J. Biol. Chem. 243 (1968) 
3193. 
[16] H. Pelter, Z. Naturforsch. 18b (1963) 956. 
[17] U. Schwarz und W. Weidel., Z. Naturforsch. 20b (1965) 
147. 
[ 181 U. Schwarz und W. Weidel., Z. Naturforsch. 20b (1965) 
153. 
[19] O.H. Lowry, N.J. Rosebrough, A.J. Farr and R.J. 
Randall., J. Biol. Chem. 193 (1951) 265. 
[ 201 J.T. Park and A.N. Chatterjee, in: Methods in Enzymo- 
logy, Vol. 8, eds. E.F. Neufeld and V. Ginsburg (Aca- 
demic Press, New York, 1966) p. 466. 
[ 211 K. Izaki. M. Matsuhashi and J.L. Strominger, J. Biol. 
Chem. 243 (1968) 3180. 
[22] E. Ito, S.G. Nathenson, D.N. Dietzler, J.S. Anderson 
and J.L. Strominger, in: Methods in Enzymology, Vol. 
8, eds. E.F. Neufeld and V. Ginsburg (Academic Press, 
New York, 1966) p. 324. 
[23] J. van Heijenoort, L. Elbaz, P. De&lee, J.F. Petit, E. 
Bricas and J.M. Ghuysen, Biochemistry 8 (1969) 207. 
[24] A.J. De Siervo, J. Bacterial. 100 (1969) 1342. 
[25] J.M. Ghuysen, D.J. Tipper and J.L. Strominger, in: 
Methods in Enzymology, Vol. 8, eds. E.F. Neufeld 
and V. Ginsgurg (Academic Press, New York, 1966) 
p. 685. 
[26] W.J. Kaufman, A. Nir, G. Parks and R.M. Hours, in: 
Recent Advances in Low Level Scintillation Counting 
of Tritium, Symposium on the Use of Tritium in the 
Physical and BiologicalSciences(1.A.E.A. Vienna, 1962) 
p. 249. 
141 
